Background: There is no plasma marker for detecting oral cancer, one of the most frequent cancers in the world. We developed a bead-based affinity-fractionated proteomic method to discover a novel plasma marker for oral cancer. Methods: Affinity purification of heparinized plasma with magnetic beads and matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) analysis were used to screen potential oral cancer markers. We compiled MS protein profiles for 57 patients with oral cancer and compared them with profiles from 29 healthy controls. The spectra were analyzed statistically using flexAnalysis TM and ClinProt TM bioinformatic software. In each MS analysis, the peak intensities of interest were normalized with an internal standard (adrenocorticotropic hormone 18 -39). For identification, affinity bead-purified plasma protein was subjected to MALDI TOF/TOF analysis followed by Mascot identification of the peptide sequences and a search of the National Center for Biotechnology Information protein database. Results: To optimize MALDI-TOF analysis based on the best discriminator of the cancer and control spectra, copper-chelated beads were used for plasma protein profiling. The within-and between-run CVs for assays were <4% and 7%, respectively. Six markers that differentiated between cancer and control spectra were found,
hindered, however, because it is labor-intensive and poorly reproducible and cannot detect low amounts of proteins (5 ) . Surface-enhanced laser desorption/ionization time-of-flight (SELDI) MS uses chip-based protein sample arrays with different chemical chromatographic surfaces (Ciphergen Biosystems) to selectively bind proteins with specific chemical properties, such as hydrophobic, cationic, anionic, or metal-binding molecules, whereas nonspecifically bound proteins or impurities are removed by washing with buffers (6, 7 ) . Because SELDI MS analysis rapidly screens many samples at a time, it may be suitable for clinical use and screening for novel biomarkers (8, 9 ) . Indeed, this technology has been used successfully to quantitatively and qualitatively characterize existing cancer markers in prostate cancer (10 ) and to detect several disease-associated proteins in tissue samples (11) (12) (13) or complex biological specimens, such as serum, cerebrospinal fluid, and urine (14 -18 ) . The limitations of SELDI analysis include high cost, the fact that only one MS pass is made, and difficulty in further protein identification.
Affinity bead-based purification was developed to reduce costs and make proteomic procedures suitable for general MS analysis. This method uses different chemical chromatographic surfaces on an outer layer of magnetic beads to selectively purify certain subsets of proteins, allowing unbound impurities to be removed by washing with buffers. Proteins bound to the magnetic beads are then eluted, diluted, and directly analyzed by MALDI-TOF MS. Bioinformatic algorithms are used to align and integrate hundreds of mass data points from large numbers of samples. The technical performance of affinity bead purification is similar to that of ELISA, and it can be used to process many samples in parallel. This approach is sensitive and fast, features essential for clinical use. Moreover, the cost is low, and further protein identification can be easily performed from the eluted material without complex purification.
Oral cancer (ORC) is one of the most frequent cancers in the world and has specific endemic distribution (19 ) . Southeastern Asia has a higher incidence than Western countries. For example, the incidence of ORC in Taiwan is one of the highest in the world, 20 per 1 million in the male population, comprising ϳ4%-5% of all malignancies; in contrast, ORC comprises 2%-3% of all malignancies in the United States (20, 21 ) . This cancer is more common in males (19 ) . Epidemiologic studies show a strong association between ORC and environmental carcinogens, particularly tobacco, alcohol, and betel nuts (22, 23 ) . The overall 5-year survival rate for patients with ORC is among the lowest of the major cancers and has not changed during the past 2 decades (24 ). The standard treatment for patients with this cancer is surgery, radiation, or multiple modalities for patients at high risk (24 ) . Although standard care is frequently initially successful in early-stage cancer (stage I or II), disease relapses, usually local or lymph node recurrence, still occur in ϳ20%-30% of cases (24 ) . For patients with advanced disease (stage III or IV), standard therapy is far less successful. The recurrence rate in advanced-stage disease is ϳ50%-60%, and distant metastases occur in 20%-35% of cases (24 ) . Even with good treatment response, patients with advanced disease often suffer substantial functional and cosmetic morbidity, which decreases the quality of life. Although improved therapy may lead to better cancer control and long-term survival, a circulating tumor marker useful for diagnosis and monitoring of disease progression may offer a chance to decrease the morbidity of this disease. We used affinity bead purification and MALDI-TOF MS to assess protein expression profiles to identify potential plasma tumor markers in ORC. We collected ϳ3 mL of heparinized plasma from each patient before treatment and with the same collection procedure obtained control blood samples from 29 healthy individuals (27 males and 2 females, mean age, 39 years; range, 23-71 years). To obtain fresh plasma, we centrifuged the blood specimens at 3000g for 5 min within 4 h of collection. All samples were stored at Ϫ70°C until use and were assayed within 1 year of frozen storage.
Materials and Methods patients and blood sample preparation

removal of albumin
Plasma albumin was removed with a convenient Montage Albumin Depletion Kit according to the manufacturer's instructions (Millipore Corporation). Briefly, 100 L of 10-fold-diluted plasma was applied to the affinity column insert. After brief incubation, the sample was centrifuged for 2 min at 3000g. The unbound plasma proteins were recovered from the collection tube. To evaluate the success of albumin removal, 10 L of the plasma samples with and without albumin depletion were subjected to 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis analysis. We then stained the gel with Coomassie blue, to make the protein pattern visible, and photographed it.
proteomic analysis to profile plasma proteins All samples were assayed in duplicate. Plasma samples were thawed and purified with a reagent set with chemically coated magnetic beads, including a carbon series (C 3 , C8, C 18 ), copper, and cation beads (ClinProt TM ; Bruker Daltonics Company). For each sample, 5 L of plasma was mixed with 5 L of beads. Samples were purified through 3 steps, binding, washing, and elution, according to the manufacturer's suggested protocol, in which the binding incubation time took 1 min. A total of 5 L of each sample was eluted, and the purified plasma samples were further diluted 4-, 8-, and 16-fold. Carbon-series beadpurified samples were diluted with 500 mL/L acetonitrile, whereas copper-or cation-purified samples were diluted with copper-or cation-specific elution solutions. We prepared the various diluted solutions for MALDI-TOF MS by mixing 1 L of the diluted sample with 0.5 L of matrix solution containing 2 g/L ␣-cyano-4-hydroxycinnamic acid, 10 nmol/L angiotensin II, 10 nmol/L adrenocorticotropic hormone (ACTH) 18 -39 (Bruker Daltonics), and 10 mL/L formic acid in 500 mL/L acetonitrile and allowing the droplet to dry on the MALDI sample plate (600 m AnchorChip TM ; Bruker Daltonics). Mass spectra were obtained by use of an Ultraflex MALDI-TOF mass spectrometer (Bruker Daltonics) operated in positive-ion linear or reflectron mode. Briefly, the profiling data were acquired in linear-mode geometry, and the mass maps were acquired in reflectron mode. All spectra were obtained randomly over the surface of the matrix spot. Internal calibration during reflectron mode data acquisition was performed with 2 calibrators, angiotensin II (1046.73 Da) and the ACTH 18 -39 polypeptide (2465.20 Da), to achieve a mass accuracy of 30 ppm (m/z 1000 -3500). The profiling spectra were calibrated externally with a mixture of protein/peptide calibrators (Bruker Daltonics). A Ϯ5 Da mass accuracy for each spectrum was observed and was probably attributable to the geometric factor of varied sample position on the sample plate. Such mass shifts can be further corrected by the flexAnalysis TM software after alignment of 2 internal standards. Briefly, all spectra were processed by automatic baseline subtraction, peak detection, recalibration, and peak-area calculation according to the predefined settings. The criteria for peak detection were as follows: signal-to-noise ratio Ͼ5, a 2-Da peak width filter, and a maximum peak number of 200. The intensities of the peaks of interest were normalized with the peak intensity of the ACTH internal standard.
statistical methods, evaluation of assay precision, and diagnostic efficacy
We analyzed each spectrum obtained from MALDI-TOF MS with flexAnalysis and ClinProt TM software (Bruker Daltonics Company), the former to detect the peak intensities of interest and the latter to compile the peaks across the spectra obtained from all samples. This allowed for differentiation between the cancer and control samples.
To evaluate the precision of the assay, we determined within-run and between-run variations by use of multiple analyses of bead fractionation and MS for 2 plasma samples. For within-and between-run variation, we examined 3 peaks with various intensities. We determined within-run imprecision by evaluating the CVs for each sample, using 12 assays within a run; we determined between-run imprecision by performing 8 different assays over a period of 10 days. To assess diagnostic efficacy, we calculated the means (SD) of the peaks of interest in the control group. The cutoff value was set as the value of the mean plus 2 SD in the control samples. The sensitivity (ratio of the cancer samples with a mass intensity greater than the cutoff value to all samples in the cancer group) and specificity (ratio of control samples with a mass intensity less than the cutoff value to all samples in the control group) were analyzed accordingly.
bioinformatics and identification of protein markers
Selected peptides were further purified by use of C 8 beads and serially eluted and concentrated with 150, 250, 350, and 500 mL/L acetonitrile. These peptides were identified directly by MALDI TOF/TOF analysis to obtain the peptide sequences. Peptide mass fingerprinting was performed with the Mascot search engine (Matrix Science) and a search of the National Center for Biotechnology Information (NCBI) protein-protein BLAST database (http://www.ncbi.nlm.nih.gov/BLAST/).
Results
sample preparation for ms
Albumin is the most abundant protein in blood. To determine whether albumin interfered with protein profiling, we first compared the plasma protein profiles before and after removal of albumin, using 2 control and 2 cancer plasma samples. The results showed that the removal process significantly depleted albumin in both control and cancer plasma samples (see Fig. 1 in the Data Supplement that accompanies the online version of this article at http://www.clinchem.org/content/vol51/ issue12). Samples were then subjected to proteomic analysis with C 8 beads, MALDI-TOF MS, and ClinProt software analysis, which compiled protein spectra from the 4 plasma samples (see Fig. 2 in the online Data Supplement). In general, the mass signals in the albumin-depleted samples were weaker than those from whole plasma. In addition, the differences between the mass spectra of the control and cancer samples in the albumindepleted group were smaller than the differences from the whole-plasma samples, possibly because of removal of albumin-binding or other nonspecific proteins along with albumin. Because these albumin-binding proteins may include a tumor marker, we believe that removal of albumin is unnecessary.
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To optimize the MALDI-TOF MS analysis, we used different amounts of plasma with equal amounts of MS matrix solution. Each type of chemical affinity bead was tested, with the results from the C 8 and copper beads presented as examples. After purification by C 8 or copper beads, the fractionated plasma was diluted with specific elution solutions: 500 mL/L acetonitrile for C 8 beads or copper elution solution for copper beads. After 4-, 8-, and 16-fold dilutions with MS matrix solution, the samples were analyzed directly by MALDI-TOF MS with a total of 100 laser shots. In general, the peak complexity in the plasma samples was greatly reduced, which facilitated further identification by direct MS analysis. For the MS spectra analyzed by flexAnalysis, we found that a 16-fold dilution for C 8 and 8-fold for copper beads yielded the best combination of low background noise and high peak intensity (see Fig. 3 in the online Data Supplement).
To determine which types of beads were suitable for plasma protein profiling, we first used plasmas from 6 control individuals and 6 cancer patients for screening. In general, the intensities of background noise for each bead type were all Ͻ20, so that a specific peak was easily distinguishable when the intensity was Ͼ40. The peak pattern and intensity varied for each sample and were dependent on the different sample and bead types used. Approximately 15-25 peaks were produced after fractionation by C 8 , copper, or cation beads. The carbon-series beads yielded similar profiles with certain minor differences (Fig. 1, A to C) . C 3 beads yielded profiles with the most peaks but the highest background noise, whereas C 18 beads gave the fewest peaks. C 8 beads afforded the best differentiation between control and cancer samples and had low background noise. Results with the copper and cation beads are shown in panels D and E, respectively, of Fig. 1 . Both yielded good differentiation. Iron beads did not produce adequate protein profiles, possibly because of the high specificity of iron beads for plasma proteins. On the basis of our results, we chose copper beads for further study of our samples.
characterization and evaluation of protein profiling using copper beads
To determinate the range of spectra obtained with copper bead fractionation in MALDI-TOF MS profiling, we examined the profiles of proteins smaller than 20 kDa obtained from 4 plasma samples The mass spectra of the overlapping intensities of these 4 plasma samples were analyzed by flexAnalysis, and the protein profiles across all spectra were compiled with ClinProt software (see Fig.  4 in the online Data Supplement). Most of the protein peaks from the 4 samples were Ͻ10 kDa, suggesting that searching in this range is sufficient for analysis.
We next examined the precision of this technology. Within-and between-run reproducibility of 2 samples were determined with copper-bead fractionation and MALDI-TOF MS analysis. Example data of 3 replicates (within-run) or experiments (between-run) are shown in Table 1 . Despite varying peptide masses and spectrum intensities, the peak CVs were all Ͻ5% in the within-run and Ͻ9% in Plasma samples were fractionated by use of C 3 (A), C 8 (B), C 18 (C) carbon-series beads or by copper (D) or cation (E) beads. Because of the limited amount of 1 specific plasma sample, 12 samples (6 cancer plus 6 noncancer) were assayed in the assays shown in panels A, C, and D, whereas 10 samples (5 cancer plus 5 noncancer) were assayed in the assays shown in panels B and E. Samples were then subjected to MALDI-TOF MS and analyzed with ClinProt software. In each panel, the compiled protein spectra from the cancer (C) and noncancer control (N) groups of plasma samples for each bead type are shown with the density plots of individual plasma profiles. x axis, molecular mass (m/z values); y axis, specific samples. The horizontal line in each panel indicates the separation between cancer and noncancer groups of samples. The differential density between the 2 groups along the x axis represents the specific peptide that distinctly presents in the samples. the between-run assays. The mean CVs of the runs represent the overall imprecision, Ͻ4% in the within-run and 7% in the between-run assays, indicating that results produced by this method are highly reproducible for both plasma samples.
search for an orc marker
To determine proteomic patterns and search for a specific ORC tumor marker, we used copper-bead fractionation and MALDI-TOF MS to profile the mass spectral patterns of plasma samples from 29 healthy controls and from 57 oral cancer patients. We used ClinProt software to bin the peaks across the spectra obtained from the samples and found 6 peaks that differed significantly between the 2 groups (see Fig. 6 in the online Data Supplement). The mean (SD) masses were 2664 (1), 2850 (1), 3250 (1), 7735 (2), 7927 (2), and 9240 (2) Da after alignment calibration and were used to designate the peaks as ORC markers A to F, respectively. We used flexAnalysis software to determine the actual intensities of these 6 peaks of interest in every specimen after normalizing them by the ACTH internal standard. As shown in Fig. 2 , the peak intensities in the ORC samples were all stronger than in the control samples.
To assess the diagnostic efficacy, the mean (SD) masses of the 6 peaks in the control group were calculated. Results for the 6 markers are summarized in Table 2 . The sensitivities of ORC-specific markers A to F were 100%, 82.5%, 75.4%, 43.9%, 87.7%, and 75.4%, respectively, and the specificities were 96.6%, 96.6%, 96.6%, 93.1%, 93.1%, and 96.6%.
identification of the cancer markers
With this bead-based proteomic technology, we found several potential ORC tumor markers. The most sensitive (100%) and specific (96.6%) was marker A [2664 (1) Da], which we further identified. After fractionation by copper beads, the eluted ORC plasma samples were further purified by C 8 beads and serially eluted with 150, 250, and 350 mL/L acetonitrile. Samples were then subjected to MALDI-TOF MS analysis. An example of the various C 8 elution fractions analyzed by flexAnalysis software is shown in Fig. 3 . Marker A was significantly enriched in the 250 mL/L acetonitrile fraction with minimal background noise. This 250 mL/L acetonitrile eluate was further subjected to MALDI-TOF MS MS analysis. The MS fingerprint was subjected to Mascot searching for peptide sequence and further to NCBI database for protein identification. The Mascot score for marker A was 170, with a mass accuracy of 1 ppm, indicating a high confidence in identification of the peptide sequences. The sequence was determined to be DEAGSEADHEGTHSTKRGHAKSRPV, which matches 25 of the 200 amino acids (residues 175-200) in the C-terminal fragment of fibrinogen ␣-chain in NCBI BLAST protein-protein database (locus number AAB26584), as originally identified by Rixon et al. (25 ) .
Discussion
We directly profiled protein/peptide patterns from affinity bead-purified plasma samples with MALDI-TOF MS and determined several markers that differentiated ORC from control samples with high sensitivity (Ͼ90%) and specificity (Ͼ90%). Statistically, there is at least 95% confidence that the selected tumor marker is a significant discriminator. However, the number of specimens analyzed in this study was relatively small, which may limit the validity of the results. Further independent validation studies with a larger sample size are needed to determine the utility of this marker for diagnosis.
Two general categories of cellular proteins are released into the circulation, large proteins that are actively secreted, and low-molecular-weight (LMW) proteins that enter the blood passively from cellular degradation or cleavage (14, 17 ) . There is great interest in the LMW region as a source of diagnostic information, particularly substances smaller than 20 kDa. In our study, after alignment by 2 internal standards, the protein peaks were generally Ͻ10 kDa, and our results were in agreement with findings in the LMW region of the blood proteome in other reports (14, 17 ) . Degradation by endoprotease activity is a proposed mechanism to account for the abundance of LMW peptides found by direct MS analysis of plasma samples (26 ) . This mechanism is an unlikely explanation of the results of our study, however, because all of the samples were processed similarly and within a 4-h time period during which no change in the assay results was demonstrated (data not shown). Our finding that the mean absolute intensity of the internal standard was slightly lower for the cancer group than for the control group was interesting and unlikely to have resulted from experimental error. The lower intensity of the internal standard can be attributed to an the suppression effect, commonly observed in MS, attributable to the presence of other, more abundant components in the cancer group samples. Although other studies using total intensities for spectrum normalization have been published (27 ) , only the relative difference in marker abundance between diseased and nondiseased populations was reported. We used total peak intensity for normalization, given similar results, and normalized spectra with an internal standard of known concentration to get more information on the absolute abundances of markers and its correlation with their biological significance. Nevertheless, it is advisable to include a calibration sample throughout experimental runs to act as an internal standard for the different stages of the process.
Fibrinogen is a plasma glycoprotein synthesized in the liver and is composed of 3 structurally different subunits: 2 ␣-chains, 2 ␤-chains, and 2 ␥-chains. Usually, the amounts of ␣-chains will be in a constant ratio vs total fibrinogen or the other chains. Thrombin causes limited proteolysis of the fibrinogen molecule, during which ␣-and ␤-chain peptides are released to form fibrin monomers. Fibrinogen is tightly regulated and involved in Fig. 2 . Distribution of ORC-specific markers.
flexAnalysis software was used to find the actual intensity of each marker in every sample and to normalize the results against the internal standard. The distributions of ORC-specific markers A to F are shown in panels A to F, with the peak intensity along the x axis and the specific samples/groups along the y axis.
many processes, such as wound healing (28 ) . The association of fibrinogen with regulation of tumor growth has been studied over decades. A study of breast cancer patients found significant amounts of fibrinogen in connective tissue of carcinoma but not of healthy breast tissue (29 ) . Zacharski et al. (30 ) reported that both ␣-and ␤-fibrinogen were found adjacent to viable tumor cells in small cell carcinoma of the lung. Similarly, high amounts of fibrinogen have been found in breast adenocarcinoma and malignant melanoma (31 ) . Local tumor cells may induce fibrinolysis, which may stimulate cell proliferation and contribute to self-regulated progression of the tumor (28, 30 ) . More specifically, the deposition of fibrinogen and other adhesive glycoproteins, such as fibronectin, in the extracellular matrix serves as a scaffold to support binding of growth factors and promotes cellular adhesion, proliferation, and migration during carcinogenesis (32) (33) (34) . Although it is thought that fibrinogen in tumor tissue originates from plasma exudates with subsequent deposition in the tumor stroma, recent studies of MCF-7 breast cancer cells found that these cells produce and secrete fibrinogen polypeptides. This finding suggests that the endogenous synthesis of this molecule may be, at least in part, the source of fibrinogen in the extracellular matrix of breast cell carcinomas (34, 35 ) . Studies in animal models have shown that inhibition of fibrinogen strongly diminishes the development of metastatic lung cancer, further demonstrating the important role of fibrinogen in sustaining invasion and survival of tumor cells (36, 37 ) . Changes in plasma fibrinogen concentrations in association with cancers have also been reported. In a series of coagulation markers tested, only the fibrinogen ␣-chain was significantly increased in gastric cancer, and it was correlated with tumor T, N, and M stages (38 ) . Similarly, the fibrinogen ␣-chain peptide has been found to be significantly increased in melanoma (39 ) . In a clinical trial of chemotherapy, treatment with mopidamol was associated with a statistically significant prolongation of survival in patients with lung cancer, an effect correlated with the reduction in mean plasma fibrinogen concentration (40 ) . In the present study, we found that the fibrinogen ␣-chain peptide fragment was significantly increased in the plasma of all 57 patients with ORC. Our results and those of other investigators indicate that the presence of fibrinogen within a tumor may affect tumor progression and metastasis. The plasma concentrations of fibrinogen ␣-chain and/or its proteolytic fragments may thus serve as a useful marker to monitor tumor status.
To be clinically useful, biomarkers must assist in disease detection. In our study, plasma samples were distributed over every stage of ORC. Much more work needs to be done to determine when in the course of disease the plasma fibrinogen ␣-chain concentration increases. Questions include whether it increases at the actual initiation of malignant transformation and whether it is present in benign conditions such as leukoplakia. More detailed prospective studies are required to determine whether increased concentrations of this peptide are associated with specific ORC TNM stages, prognosis, or treatment outcome. Furthermore, high concentrations of plasma fibrinogen may not originate from ORC tissue itself but a For each marker, the mean (SD) intensity in the control group was calculated. The reference cutoff value was defined as the mean plus 2 SD, which was then used to determine the sensitivities and specificities of the 6 markers. Sensitivity was defined as the ratio of cancer samples with a mass intensity greater than the cutoff value to all cancer samples, whereas the specificity was defined as the ratio of control samples with a mass intensity less than the cutoff value to all control samples. b Mean (SD) for all peak intensities in the control group. c Mean (SD)for all peak intensities in the cancer group.
may be produced by other organs in response either directly to the presence of cancer or to the general condition of the patient with cancer. If the increase in fibrinogen ␣-chain concentrations is an epiphenomenon of cancer, this molecule may serve as a marker for a variety of malignant diseases. It is therefore worth measuring the plasma concentrations of fibrinogen ␣-chain in other cancers as well.
In conclusion, we have shown that a convenient, fast proteomic technique, affinity-bead purification and MALDI-TOF analysis in combination with bioinformatic software, facilitates the identification of novel biomarkers. Our assay indicates that a fibrinogen ␣-chain peptide fragment is significantly increased in patients with ORC. The high specificity and sensitivity for this substance in our study indicate that it has great potential as a clinically useful tumor marker. We advocate use of this proteomic approach to look for novel markers for other diseases in plasma, urine, cerebrospinal fluid, or other specimens.
